Understanding the neural mechanisms that underlie the function of central pattern generators (CPGs) presents a formidable challenge requiring sophisticated tools and well-chosen model systems. In this article, we describe recent work on vocalizations of the African clawed frog Xenopus laevis. These behaviors are driven by sexually differentiated CPGs and are exceptionally well suited to this objective. In particular, a simplified mechanism of vocal production (independent of respiratory musculature) allows straightforward interpretations of nerve activity with respect to behavior. Furthermore, the development of a fictively vocalizing isolated brain, together with the finding of rapid androgen-induced masculinization of female vocalizations, provides an invaluable tool for determining how new behaviors arise from existing circuits.
Introduction
Neuroscientists typically focus on traits (ranging from systems to molecules) that are reproducible among all individuals within a species, with the hope of elucidating fundamental principles that apply across species, including humans. Evolutionary biologists, by contrast, focus on phenotypes that are variable among individuals within a species because inter-individual variation is a substrate upon which selective pressures act. From the intersection of these two disciplines emerges an extremely interesting topic -the neural basis of individuality. Although it is important to understand the functional uniqueness of individual brains, the large sample size required to address this question makes it impractical. A fruitful alternative is to compare the nervous system of different subgroups of individuals divided by age, sex or endocrine profile within a species. These comparisons can point to strategies that the central nervous system (CNS) employs to generate behavioral variation among individuals.
Vocalizations of African clawed frogs, Xenopus laevis, have been studied for the past three decades as a model for understanding sexually differentiated behaviors [1] . The Xenopus vocal pathway offers three major advantages for investigating the neural basis of behavior. First, a simple sound production mechanism (a single pair of muscles, separate from the respiratory system and dedicated for vocal production [2]) makes the Xenopus vocal circuitry one of the most 'approachable' motor pathways in vertebrates; this mechanistic specialization is likely accompanied by a simpler neuronal network. Second, vocal patterns are generated by a central pattern generator (CPG; see Box 1) located in the brainstem which allows 'calling' to be studied in vitro -fictive vocalizations can be elicited in the isolated brain [3] . Third, vocalizations are sexually distinct, unlike other well-studied rhythmic motor patterns (e.g. breathing, chewing and locomotion). Therefore, Xenopus vocalizations provide a rare opportunity to study steroid-controlled sexual differentiation of CPGs in detail. In this review, we summarize recent progress in the Xenopus vocal system, emphasizing these attributes that make it an excellent model for exploring the neural logic of behavior.
Vocalizations of Xenopus laevis and its androgen regulation
The vocal repertoire of adult Xenopus is rich; five calls are male specific (the advertisement call, amplectant call, answer call, chirping and growling), one call is female specific (rapping), and one call (ticking; also called release call in females) is shared by both sexes [4, 5] . In this review, we concentrate on how the central vocal pathways generate sex-specific click rates, and how they are modified by androgen. The focus will be placed on advertisement call and ticking because they are the most common and beststudied vocalizations (Box 2).
Androgen regulates the production and sexual differentiation of Xenopus vocal traits, providing the chance to investigate sex-specific CPGs using a comparative approach. Wetzel and Kelley first demonstrated that androgens are necessary for male vocal production [6] . Calling is completely eliminated by castration (after approximately 1 month), but can be restored following several weeks of treatment with either testosterone (T) or dihydrotestosterone (DHT). These results reveal that androgen plays an 'activational role' in promoting male vocal behaviors [7] .
Androgen also plays an 'organizational role' during development. Male and female frogs begin producing release calls as juveniles. Over time, males generate progressively faster trills that eventually become biphasic advertisement calls, whereas females produce release calls throughout development [8] . This behavioral differentiation correlates with postmetamorphic divergence of androgen levels in the sexes [9] . Because adult males are capable of release calling [4], androgen-induced vocal masculinization represents a gain of function -they acquire the ability to produce male-specific calls without losing the ability to produce release calls.
An exciting observation is that female Xenopus vocal patterns can also be masculinized by androgens in
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